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Edited by Sandro SonninoAbstract Phaeocystis globosa, a leading agent in marine carbon
cycling, releases its photosynthesized biopolymers via regulated
exocytosis. Release is elicited by blue light and relayed by a char-
acteristic cytosolic Ca2+ signal. However, the source of Ca2+ in
these cells has not been established. The present studies indicate
that Phaeocystis’ secretory granules work as an intracellular
Ca2+ oscillator. Optical tomography reveals that photo-stimula-
tion induces InsP3-triggered periodic lumenal [Ca
2+] oscillations
in the granule and corresponding out-of-phase cytosolic oscilla-
tions of [Ca2+] that trigger exocytosis. This Ca2+ dynamics re-
sults from an interplay between the intragranular polyanionic
matrix, and two Ca2+-sensitive ion channels located on the gran-
ule membrane: an InsP3-receptor-Ca
2+ channel, and an apamin-
sensitive K+ channel.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Stimulation of secretory cells activates an intracellular cas-
cade of molecular interactions that leads to the transport of
granules to the docking site, their fusion to the plasma mem-
brane and the release of their content to the extracellular med-
ium [1–3]. The molecular hardware and functional protocols
that implement vesicle traﬃc and product export from the cell
seem to be remarkably conserved among the diﬀerent eukary-
otic organisms including animals, yeasts, fungi, higher plants
and algae [2–6]. Among the features that are more conserved
in secretion is the role of Ca2+ in the transduction of signals
that relay information from membrane receptors to intracellu-
lar eﬀectors [1,6]. Ca2+ ions are found at ubiquitously low con-
centrations in the cytosol of living cells. Fluctuations of
cytosolic [Ca2+] ([Ca2+]C) function as relays for the implemen-
tation of Ca2+ messages in animal and plant cells includingAbbreviations: ASKCa channel, apamin-sensitive Ca
2+-sensitive K+
channel; InsP3, inositol-1,4,5-trisphosphate; [Ca
2+]L, lumenal Ca
2+
concentration; [Ca2+]EL, extralumenal Ca
2+ concentration; PLC,
phospholipase C
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intracellular eﬀector proteins from quiescent to active molecu-
lar conformation turning on the molecular events involved in
the exocytic cascade [1–4]. Intracellular organelles work as dy-
namic Ca2+ sinks/sources modulating complex patterns of
time/varying ﬂuctuations of [Ca2+] that encode speciﬁc signals
to activate correspondingly speciﬁc cellular functions [8–10]. In
particular, the secretory granules of mammalian cells can work
both as Ca2+ accumulators and Ca2+ oscillators [10–12]. They
release Ca2+ to the cytosol in a remarkably periodic pattern
suggesting that the activation of Ca2+-sensitive intracellular
eﬀector-proteins in the cytosolic vicinity of the granule is
duty-cycled in quantal time-limited periodic pulses. The molec-
ular hardware present in the granule – as well as the ER and
the nuclear envelope – and the corresponding functional proto-
col that allows these organelles to operate as ion oscillators is
remarkably conserved among diﬀerent cell types [9,10,12].
However, the presence of this unique ion oscillator in cells
other than mammalian cells has not been investigated.
Phaeocystis globosa is a Prymnesiophyte marine unicellular
alga. Most of the carbon ﬁxed by this photosynthetic organism
is released to the seawater as polysaccharides via regulated
exocytosis [6]. While stored inside the granule, these polysac-
charides form a polyanionic matrix in condensed polymer gel
phase [6]. The present studies were designed to investigate:
(1) if Phaeocystis secretory granules function as Ca2+ ion oscil-
lators; and (2) to verify if the molecular hardware and func-
tional protocol found in mammalian secretory cells is also
present in Phaeocystis granules.2. Material and methods
2.1. Cell culture
Batch cultures of Phaeocystis globosa (CCMP629, Provasolli-Guil-
lard marine phytoplankton culture collection, West Boothbay Harbor,
Maine) were maintained in F/2 marine medium (Sigma, MO, USA) on
a 10:14 (light:dark) cycle at 18 C and 100 lmol m2 s1 under axenic
conditions [6]. Growth phase of the culture was determined by cell
counting with hemocytometer. All experiments were conducted with
stationary-state cultures.
2.2. Loading of intact cells with the Ca2+-sensitive ﬂuorescent probes
This protocol was conducted following previously published proce-
dures [6,10,12,13]. Brieﬂy, cells were equilibrated in artiﬁcial seawater
(ASW) (Sigma, MO, USA) containing 10 lM acetoxymethyl ester
(AM) of the ﬂuorescent Ca2+-sensitive probes rhod-2 (Kd = 570 nM;
kexcitation = 548 nm, kemission = 578 nm) and Calcium Orange-5N
(10 lM; Kd = 20 lM; kexcitation = 545 nm, kemission = 580 nm) (Molecu-
lar Probes, Eugene, OR). Cells were kept in this medium for 120 minblished by Elsevier B.V. All rights reserved.
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220 nm equatorial thin optical section of granules inside the cells with-
out photobleaching Ca2+ probes, we used quinacrine – a strongly ﬂuo-
rescent quaternary amine that accumulates in secretory granules [10,12].
Cells were equilibrated for 5 min in ASW containing 1 lM quinacrine
(kexcitation = 488 nm, kemission = 525 nm) and then washed twice.
We have shown that 20–40 s exposure of Phaeocystis to blue light
(k = 470 ± 20 nm) at 1500–2700 lmol m2 s1 photon ﬂux results in
a characteristic intracellular Ca2+ signal followed by exocytosis [6].
In the present studies, we used a similar photo-stimulation protocol
but with exposures of 15–20 s. Following blue light exposure, the ﬁl-
ter cube was rapidly changed to excite and collect emission from the
Ca2+ probes. In intact cells, we could not simultaneously monitor
intragranular and cytosolic oscillations of [Ca2+] for more than
30 s because secretory granules either move out of the shallow depth
of ﬁeld of the objective or were released as a result of stimulation.
2.3. Isolation and dye loading of granules
Secretory granules were isolated following protocols described ear-
lier [14]. Brieﬂy, intact cells were transferred to a buﬀer (1 mM MgCl2,
2 mM EDTA, 1 mM dithiothreitol (DTT), 0.35 M sorbitol, 0.5 mM
phenylmethylsulphonyl ﬂuoride (PMSF), 1 lg/ml leupeptin, 1 lg/ml
pepstatin, and 50 mM HEPES/KOH (pH 7.5)). Subsequently, cells
were broken at 1500 p.s.i. using a French pressure cell (ML025K
MicroDisrupter, Cell Scientiﬁc Inc. Champaign, IL). Lysates were
placed in 0.73 M sucrose and centrifuged (10000 · rpm, 10 min,
4 C) and the supernatant was collected and placed in 1.5 M sucrose
and centrifuged again (5600 rpm, 10 min, 4 C). The resulting suspen-
sion was enriched in secretory granules that could be readily imaged in
the microscope. To monitor ﬂuctuations of lumenal [Ca2+], secretory
granules were resuspended in an intracellular solution (ICS) contain-
ing: 160 mM potassium glutamate, 20 mM Tris, 5 mM MgSO4,
1 mM DTT and 100 nM Ca2+ buﬀered with ethylene glycol bis(b-ami-
noethylether)-N,N,N 0,N 0-tetraacetic acid (EGTA), pH 7.6. Then, gran-
ules were incubated at 4 C in ICS containing 1 lM quinacrine for
15 min, followed by 60 min in ICS containing 10 lM Calcium Or-
ange-5N/AM, and subsequently washed in ICS to remove any excess
of dye [10–12]. Isolated granules were then allowed to settle and attach
for 15 min at RT on poly-lysine coated chambers ﬁlled with the ICS
containing 10 lg ml1 dextran-conjugated Calcium Crimson (Kd =
185 nM; kexcitation = 570 nm, kemission = 610 nm) (Molecular Probes), a
non-permeant, low-diﬀusivity dye used to monitor Ca2+ release di-
rectly outside the granule [10,11]. The chambers were mounted and
kept at RT on the stage of a Nikon inverted ﬂuorescence microscope.
2.4. Optical sectioning
Fluorescence measurements were performed using optical section-
ing techniques described earlier [6,10–12]. Granules were imaged by
a Nikon Diaphot inverted ﬂuorescence microscope using a 100 W
mercury vapor epiﬂuorescence source, and a 100·, 1.4 NA oil-
immersion objective. Images were formed on the 336 · 243 charge-
coupled-device array of a thermoelectrically cooled, low dark noise
(1.3 photoelectrons s1 at 36 C) frame transfer digital camera with
16-bit resolution and 105 pixel s1 maximum readout rate (Spectra
Source Model 400, Westlake Village, CA). The camera was attached
to the photoport of the microscope using a 20· relay lens, yielding a
ﬁnal resolution of 10 pixels lm1. To increase the sampling rate we
acquired three-line scans at a time, instead of the whole image. Data
were sampled at a rate of 3 scans s1 with 200 ms exposure time.
Scans sampled an area of 0.3 lm · 24 lm containing one or more
granules and were accumulated in a memory buﬀer forming 30 s long
sequential scan stacks. Thin optical sections (220 nm) of the scan
stacks were obtained by a no-neighbors deconvolution algorithm
[10]. The experimental validation of this sectioning technique has
been published elsewhere [10–12]. Deconvoluted stacks allow to reli-
ably measure the time course of average ﬂuorescence intensity in pho-
toelectron-counts per pixel s1 inside and outside the secretory
granules. Free [Ca2+] was calculated using a method previously
described [10–12].
2.5. Frequency spectrum
The spectral distribution of [Ca2+] oscillations was processed using a
FORTRAN implementation of the Sande–Tukey Fast Fourier Trans-
form algorithm.3. Results
3.1. Blue light induces Ca2+ oscillations in the secretory granules
and their neighboring cytosol in Phaeocystis cells
We have demonstrated that blue light can induce intracel-
lular [Ca2+] ﬂuctuations that are followed by exocytosis in
Phaeocystis [6]. However, the source of Ca2+ and the detailed
time course of intracellular [Ca2+] ﬂuctuations have not been
resolved. Studying Ca2+ signaling at the subcellular level
requires the use of thin optical sections in order to reduce
the limitations imposed by out-of-focus information charac-
teristic of conventional optical methods [10–12]. Fig. 1A–D
illustrates a phase contrast image of a Phaeocystis cell, and
the corresponding optical section (220 nm) of the same cell
showing the ﬂuorescence of a secretory granule labeled with
quinacrine, and the autoﬂuorescence of chloroplasts. The
phase contrast image and optical sections of an isolated secre-
tory granule loaded with quinacrine and with the Ca2+ probe
Calcium Orange-5N are also displayed (Fig. 1E–H). Notice
that both probes co-localize in this organelle. Because of
the diﬀerent wavelengths, quinacrine enabled us to ﬁnd and
precisely focus a thin section (220 nm) at the equatorial
plane of the granules without photobleaching the Ca2+
probes. While Ca2+ dynamics inside the granules was moni-
tored using Calcium Orange-5N (Fig. 1I), we recorded Ca2+
changes in the neighboring space around these organelles
using either the Ca2+ reporter Rhod-2 in the cytosol of intact
cells, or by Calcium Crimson dextran in the extralumenal
space in the case of isolated granules (see Section 2). Because
of the diﬀerent aﬃnities for Ca2+, the combination of these
probes has been extensively validated for measurements of
a broad range of Ca2+ concentrations in both the cytosol
([Ca2+]C) and in the lumen of the granule ([Ca
2+]L) [9–11,15].
Earlier studies have demonstrated that secretory granules
can function as intracellular ion oscillators releasing periodic
pulses of Ca2+ to the surrounding cytosol [10–12]. Our results
show that Phaeocystis’ secretory granule also participates in
the generation of the Ca2+ signals that follow exposure to blue
light and result in exocytosis in this unicellular alga. Phaeocys-
tis exposed to blue light exhibited oscillations of [Ca2+]L with a
frequency of 0.15 Hz and simultaneous but out-of-phase
[Ca2+]C oscillations in the neighboring cytosolic space around
the granules (Fig. 2A). This change in phase of the oscillations
suggests that release of Ca2+ from the granules originates a
corresponding [Ca2+]C increase outside the granule. The ﬂuo-
rescence decay along the Ca2+ record is probably due to photo-
bleaching of the ﬂuorescent probe. Recordings from thin
optical sections in intact cells are usually short and diﬃcult
to obtain because granules often move or are exocytosed mov-
ing out of the shallow thin plane section.
3.2. InsP3 triggers oscillations of [Ca
2+]L and periodic release
of Ca2+ from Phaeocystis secretory granules
Observations in ATP-stimulated mammalian secretory cells
have revealed that inositol-1,4,5-trisphosphate (InsP3) can trig-
ger oscillations of [Ca2+]L in secretory granules [10–12]. In plants
and in multi- and unicellular algae, photo-stimulation with blue
light can induce a cytosolic Ca2+ increase [6,16,17]. In several
unicellular algae, this blue light-induced Ca2+ signal is triggered
by increased InsP3 levels through the activation of the classical
pathway mediated by the enzyme phospholipase C (PLC), cou-
pled to a G-protein and a photoreceptor [7,16,18]. To ﬁnd out if
Fig. 1. Optical sections (220 nm) of intact Phaeocystis cells and isolated secretory granules. (A) Transmitted light picture of an intact Phaeocystis
cell. (B) Fluorescence image of an optical section of the same cell loaded with quinacrine, a quaternary amine that accumulates inside secretory
granules. Secretory granules were localized and focused using this labeling procedure. (C) Optical section displaying the autoﬂuorescence of
chloroplasts from the cell shown in A. (D) The resulting image of merging B and C shows the granule position in the cell. (E) Transmitted light image
of an isolated granule ofPhaeocystis. Optical sections of this granule illustrate the ﬂuorescence of quinacrine (F) and the Ca2+-sensitive probe
Calcium Orange-5N (G). (H) Colocalization of both probes. (I) Deconvoluted line-scan forming a 20 s long sequential scan stack illustrates the
oscillations of ﬂuorescence inside and outside of an isolated secretory granule in an optical section of 220 nm across its equatorial plane (see Section
2). The granule was exposed to 3 lM of InsP3. This picture shows the intralumenal oscillations of [Ca
2+], and the release of Ca2+ to the extralumenal
space. Scale bar = 3 lm. E, extralumenal; I, intralumenal.
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oscillations of [Ca2+]L in secretory granules, we pre-incubated
Phaeocystis with U73122. This inhibitor of PLC blocks the syn-
thesis of InsP3 and has been used in animal, higher plants and
unicellular algae [7,18]. Exposure of Phaeocystis to 5 lM of
U73122 abolished the light-induced [Ca2+]L oscillations
(Fig. 2B, black circles). Conversely, the inactive analog
U73343 failed to block the [Ca2+]EL ﬂuctuations (Fig. 2B, white
circles) [7,18]. These results indicate that, like in other secretory
cells [10–12], InsP3 probablyworks as the relay between extracel-
lular stimulation and the intracellular molecular cascade that
results in exocytosis.
3.3. Dissecting the molecular hardware and functional program
that allows secretory granules to work as intracellular Ca2+
oscillators
Isolated granules of Phaeocystis labeled with Calcium Or-
ange-5N were placed in ICS containing Calcium Crimson dex-
tran. This combination of reporters allow to monitor changes
of both [Ca2+]L and [Ca
2+] in the extralumenal vicinity of the
granules. Digital optical-sectioning (220 nm) and the large
size of Phaeocystis granules (2 lm) allows to unequivocallyresolve ﬂuorescence changes in both the intra and extralume-
nal space [10–12]. Exposure of the granules to 3 lM of InsP3
produced [Ca2+]L oscillations of 0.2 Hz (Fig. 3A). Addition-
ally, InsP3 induced oscillations of Ca
2+ in the extralumenal
space ([Ca2+]EL) that were 180 out-of-phase (Fig. 3A). Con-
sidering that the granule is the only source of Ca2+ in this
experimental model, these characteristic time/space domain
features of extralumenal oscillations of [Ca2+]EL imply that
Ca2+ is released from the lumen of the granule in periodic
quantal pulses. The small change in frequency compared to
values obtained in intact cells is likely due to diﬀerences in
Ca2+ buﬀering capacity between the cytosol of Phaeocystis
and the ICS used in these experiments [10,11]. Blocking the
InsP3 receptors with heparin (100 lg/ml) [10,11,19] completely
inhibited InsP3-induced [Ca
2+]L oscillations (Fig. 3B). These
results are consistent with earlier studies demonstrating the
presence of InsP3-receptors on the granular membrane of dif-
ferent cell types [10,11,15,20] and further emphasize their crit-
ical role for the development of these subcellular Ca2+ signals.
Similarly, 100 nM of apamin – a speciﬁc inhibitor of the small
conductance Ca2+-regulated K+ channel (apamin-sensitive
Ca2+-sensitive K+ channel, ASKCa) [10,21,22] – blocked
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2+]L (Fig. 3B). A similar out-
come took place when K+ was replaced by N-methyl-D-gluc-
amine in the ICS (data not shown). Thus, the participation
of ASKCa channels and the existence of a K
+ ﬂux, together
with functional InsP3 receptors, is a requirement for the oper-
ation of the secretory granule as an intracellular Ca2+ oscilla-
tor. Although ASKCa channels have been identiﬁed in the
plasmalemma of unicellular algae [23], the current results indi-
cate that they are also present in the granular membrane, like
in other secretory cells [10].
3.4. Ca2+/K+ ion-exchange properties of the polyanionic matrix
of Phaeocystis secretory granules
One of the critical features of the model we have proposed to
explain the operation of secretory granules is that the matrix of
these organelles function as an ion-exchange resin capable of
exchanging bound Ca2+ for K+ ions [10,11]. The presence
of K+ ﬂuxes and/or K+ channels has been reported in several
Ca2+-sequestering intracellular organelles. It has been sug-
gested that these channels contribute to the maintenance of
electroneutrality during Ca2+ release from these compartmentsto the cytosol [22,24]. However, electroneutrality notwith-
standing, there are multiple lines of evidence pointing to the
Ca2+/K+ ion exchange properties of these intralumenal polyan-
ionic polymer networks [25–28]. In the case of the granule,
Ca2+/K+ exchange features have been conﬁrmed not only
in vitro but also in situ in the granule of diﬀerent secretory cells
[10,11,26,27]. The polyanionic nature of the polymer matrix of
Phaeocystis granules has been reported earlier [6]. Fig. 4 shows
the results of the experiments conducted to test the Ca2+/K+
ion exchange properties of the matrix ofPhaeocystis granules
[10,11]. Isolated granules loaded with the Ca2+ reporter Cal-
cium Orange-5N were exposed to an ATP-free intracellular
buﬀer containing 100 lg ml1 heparin, 100 nM apamin, to
block InsP3-receptors and ASKCa channels, respectively
[19,21], and 10 lM of the K+ ionophore valinomycin. Driving
the inﬂux of K+ into the lumen via the valinomycin shunt by
increasing the [K+] of the ICS resulted in a corresponding in-
crease in the [Ca2+]L (Fig. 4). Increased aﬃnity for Ca
2+ has
been reported in the lumen of secretory granules and in elec-
tron-dense vesicles in other algae including unicellular species
[8,14,29,30]. These results indicate that Phaeocystis granules
have Ca2+/K+ ion exchange properties, similar to those found
in other secretory cells [10,11,26,27].
Fig. 5. Dynamics of Ca2+ in/from the secretory granule. Ca2+ ions in
the granule are distributed in two pools: a pool bound to the negative
binding sites of the polyanionic matrix, and a free form pool. Ca2+
oscillations take place by the interaction of three molecular compo-
nents: the polyanionic matrix, which works as a Ca2+/K+ ion
exchanger, and two channels with opposite sensitivities to Ca2+, an
InsP3-receptor (InsP3R), and an ASKCa channel. For the purpose of
simplicity we omitted the Ca2+ transporters or exchangers of the
granule [10,15]. See Section 4 for further details.
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presence of the K+ ionophore valinomycin [10,11], leading to an
increase in [Ca2+]L. The osmolarity of the ICS was kept constant with
N-methyl-D-glucamine (NMG). Data are expressed as means ± S.E.
(n = 5). See Section 3 for further details.
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In a broad range of cells including microalgae, stimulation of
secretion involves a cytosolic Ca2+ increase [1–3,6]. Ca2+ ions
are required for the function of several eﬀector proteins in-
volved in the exocytic cascade [1–3]. The role of the secretory
granule as a source of Ca2+ for signaling in exocytosis is now
well established [4,10,11,15,20]. Since Ca2+ can activate a large
number of intracellular processes, the main riddle in signal
transduction is to explain how Ca2+ signals are addressed to
speciﬁc intracellular sites at particular times. In functions aﬀect-
ing particular organelles, localized Ca2+ release from the orga-
nelle itself can explain the required space constrains. The high
Ca2+ buﬀering capacity of the cytosol can make Ca2+ signals
short lived both in time and space, thereby constraining their
action to speciﬁc sites where particular eﬀector proteins might
be found. This is for instance the case in granule docking and
subsequent membrane fusion at the pore site during secretion.
Here, Ca2+ release from the granule can eﬀectively increase
the local [Ca2+]C to the speciﬁc levels required by Ca
2+-depen-
dent fusion proteins involved in these processes and that are
present only at this speciﬁc site [1,3,31]. In time domain, the
delivery of Ca2+ in trains of pulses as found in secretory gran-
ules allows precise transient stepwise control of eﬀector proteins
like calmodulin and protein kinase C that have been reported to
speciﬁcally respond to oscillatory Ca2+ signals [1,32,33].
To explain how the granule can implement oscillations and
release of Ca2+ (see Fig. 5), we should consider that Ca2+ in-
side the granule is in two pools: one bound to the polyanionic
secretory matrix and a free ionized pool [28]. Oscillations of
[Ca2+]L require the interaction of the polyanionic matrix,
which operates as a Ca2+/K+ ion exchanger, and two ion chan-
nels with opposite sensitivities to Ca2+: an ASKCa channel to
import K+ into the granule lumen, and an InsP3-receptor chan-
nel to export Ca2+ to the cytosol [10]. Cell stimulation induces
the production of InsP3. InsP3 diﬀuses from the membrane to
its binding sites on nearby secretory granules and triggers to
open state the InsP3-receptor Ca
2+-channel. The outﬂow of
Ca2+ that ensues is driven by the resting [Ca2+]L. Thus, while
in the vicinity of the granule [Ca2+]C increases, the [Ca
2+]L de-
creases (Fig. 3A). The increase of [Ca2+]C opens the ASKCachannels and closes the InsP3-receptors [10,34]. K
+ inﬂow into
the granular lumen results in Ca2+/K+ ion exchange and
unbinding of Ca2+, which in concert with the closure of
InsP3-receptors produce an increase of the [Ca
2+]L. Increased
[Ca2+]C around the granule dissipates by buﬀering and diﬀu-
sion into the cytosol. Decreased [Ca2+]C turns the InsP3-recep-
tor open again while closes ASKCa channels, initiating a new
cycle that should repeat for as long as the InsP3-receptor re-
mains occupied.
The ﬂuorescent probe CalciumOrange-5N has a Ca2+ aﬃnity
constant of 20 lMwith an approximate range of detection from
2 to 200 lM. Although the oscillations of [Ca2+]L reported here
took place in a range of 2–10 lM, close to the lower limit of re-
sponse of this probe, our results show that the lumenal free
[Ca2+] in resting conditions is lower in Phaeocystis (6–9 lM)
than the values reported for the granules of other secretory cell
types (20–50 lM) [10,11,35]. This is probably a reﬂection of the
particular physico-chemical features of the polyanionic matrix
ofPhaeocystis secretory granules. The intragranular free/bound
Ca2+ equilibrium is mainly determined by the charge density
and speciﬁc ion-exchange properties of the Ca2+-binding polya-
nions of thematrix, which vary widely among diﬀerent cell types
[25,36]. Phaeocystis contains an intragranular polymer network
where Ca2+ ions function as cross-linkers playing a critical role
in the gel-forming properties of the gels secreted by these unicel-
lular algae [6]. The fact that these gels remain assembled in sea-
water containing 400 mM Na+ indicates that a sizeable
number of Ca2+ ions must stay bound as cross-linkers after exo-
cytosis [6]. This is a strong additional indication that the charge
density in Phaeocystis granules is probably much higher and
that their Ca2+/Na+ ion-exchange properties are likely more re-
stricted than in the matrix of granules of mammalian secretory
cells [25,36]. These features could eventually explain why the
lumenal free [Ca2+]L is much lower in Phaeocystis than in other
granules.
In summary, the ﬁndings reported here provide objective val-
idation of the mechanisms operating in Phaeocystis secretory
function. Our observations further emphasize that the ability
of granules to function as intracellular ion oscillators and their
critical role in signal transduction in secretion is remarkably
2206 I. Quesada et al. / FEBS Letters 580 (2006) 2201–2206conserved. Both the molecular hardware and the functional
protocol that direct this Ca2+ oscillator are present in secretory
cells from mammalian cells [10,11] to unicellular algae.
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